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(57) Abstract 

Apparatuses and a method are disclosed for making an autiienticated web formed from fibrous material. In one embodi- 
ment, tiie apparatus (20) includes a head box (24) holding a pulp mixture (26) for depositing a base web (22) on a Fourdrinier 
table (33) whereon the fibres in the base web are aligned and the base web is dried. An optically variable material applicator (60) 
is located above tiie base web and deposits optically variable materia! thereon. The applicator does this either in the form of a 
powder spray, or by embedding optically variable articles into tiie base web. Once this is done, tiie base web passes beneatii a sec- 
ond head box (70) which deposits a tiiin fibrous layer over tiie optically variable material and the base web. The fibrous layer and 
tiie base web are dried to fonn tiie finished autiienticated fibrous web. The tiiickness of tiie resulting fibrous web is controlled so 
tiiat hght is able to pass tiirough the fibrous layer aUowing tiie properties of the optically variable material to be utilized. In an- 
otiier embodiment, a cyUnder mould machine (322) is used to fonn tiie base web on a belt (328) whidi supports and transports tiie 
base web to tiie opticaUy variable material applicator and tiien to tiie second head box. Alternatively, tiie base web witii tiie opti- 
cally vanable material tiiereon may be conveyed to a laminator wherein a fine web of fibrous material is placed over tiie base web 
and optically variable material to form the authenticated fibrous web. 
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APPARATUS AND METHOD OF MAKING AN 
AUTHENTrCATED WEB FORMED OF FTOROUS MATERIAL 

TECHNICAL FIELD 

Tlie present invention relates to an apparatus and method of making an 
authenticated web formed of fibrous material. 

BACKGROUND ART 

Authenticating valuable articles to prevent counterfeiting is a common 
practise. For valuable articles such as coins, bank notes and the like, it is 
common to engrave intricate designs on the article to identify the article as 
authentic. However, this method has not always ofiered suffidently 
discriminating tests to prevent spurious articles from being passed off as 
authentic ones. 

To overcome the above disadvantages assodated with p^r currency, 
the use of optical thin film coatings on bank notes and similar fibrous substrates 
has been implemented. F6r example, United States Patent No. 3,858,977 to 
Baird et al and assigned to Canadian Patent and Development Limited discloses 
an optical interference authenticating means including a multi-layer optical thin 
film filter disposed on the paper currency to be authenticated. The optical thin 
film layers have a known characteristic spectral reflectance and a different 
known charact^tic spectral transmittance both of which vary with the angle 
of inddent light. The optical thin film layers are deposited on a carrier using 
vacuum deposition techniques to form the filter. The filter is then adhered to 
the paper currenqr via suitable adhesive means to authenticate the paper 
currency. 
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Hie design of the optical thin film Is^ers is sudi that Ae primary 
leflectanoe peak of the filter is located in the red part of tiie spectrum at normal 
angles of incident light. Upon tilting of tfie authenticating means to change the 
angle of incident light, the primary reflectance peak shifts from the red to the 
gold or green part of the spectrum. The authenticating means therefore exhibits 
a red to green colour change upon tilting. This type of authenticating means 
when placed on die p^r currency, allows an individual at a glance to perform 
a check to determine if the document is authentic 

U.S. Patent No. 4,705,356 to Beming et al also discloses an optically 
variable article to be applied to paper currency and the lite. This article 
includes an optically diick, substantially transparent element carrying a 
colorant. A multi*layer interfermce coating is carried on one surface of the 
transparent element. The colorant serves to modify in a subtractive mode, the 
colour of the article at normal angles of incident light and the colour shift with 
changing angles of incident light as seen by reflection or transmission. The 
layers of the interference coating and the colorant are selected so that the article 
exhibits an abrupt colour change as the angle of inddent light dianges. 

U.S. Patent Nos. 4,705,300, 4,779,898 and 4,930,866 to Beming et al 
similarly disclose an optically variable article for application to paper currency 
and the lii^ having a gold to green colour shift. The l^ers of the interference 
coating are selected so that the article at normal angles of incident light has a 
coppery-gold colour and changes to a vivid green colour at another non*normal 
angle of inddent light At yet another non-normd angle of inddent light, tiie 
article has no colour. 



Although these typos of authenticating means work satisfactorily, the 
authenticating artide is placed on top of the p^r currency. This makes the 
counterfeiting process easier if the counterfeiter is capable of developing 
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articles which exhibit the optical characteristics of authentic^ optically variable 
articles. 

To guard against this problem, paper documents with material embedded 
therein have been considered. For example, European Patent Application No. 
90305679 to Edwards and assigned to Portals Limited discloses a paper 
document having a metal strip embedded in it. The metal strip is formed in the 
paper document such that the metal strip is concealed in some places and 
exposed in other places. 

U.S. Patent No. 4,943,093 to Melling et al and assigned to Portals 
Limited discloses a paper document having a security device embedded in it. 
The security device comprises a fl»ible, water-impermeable substrate with a 
layer of metal on one or both sides of tiie substrate. On one side of the 
security device, a continuous metal path along its length is provided. However, 
the device has metal-free portions of between 10% and 50% of the area of the 
device. The metal-free portions along die length of the device provide a 
repeating pattern, design or the like with at least some of the metal-firee 
portions across the transverse direction of the security device being wholly 
surrounded by metal. Hie security device may be a strip or thread and this 
may be positioned in a window or in an aperture where two windows are 
impartial or complete register. 

US. Patent No. 4,534,398 to Crane and assigned to Crane & Co. 
discloses a security paper document incorporating counterfeit deterrent optical 
variabk devices. The optical variable devices display their optically active 
properties in reflectance when there are changes in the angle of incident light 
with respect to the eye of the viewer. The optical variable devices are adhered 
to a carrier paper web and then the carrier paper web is brought into contact 
with a base web. An embedment roll presses the two webs together to push the 
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Qptic^y variable devices inta the base web while tfie base web fibres are 
unconsolidated and pliable. 

Altfiough the patents assigned to Portals limited and Crane & Co. 
disclose methods of auflienticating a paper docmnent during its production, 
. improved methods of doing this are continually being sought. 

It is therefore an object of the present invention to provide a novel 
^paratus and method of forming an authenticated web formed of fibrous 
material. 

DISCLOSURE OF THE INVENTION 

According to the present invention there is provided an sqpparatus for 
making an authenticated web formed of fibrous material comprising: 

fibrous material dispensing means depositing fibrous material on a 
moving belt to form s base web; 

an applicator downstream of said dispensing means applying optically 
variable material to a surfiice of said base web, said cptically variable material 
changing colours with varying angles of incident light; and 

means downstream of said applicator for overlying the surface of said 
base web with additional fibrous material to cover said optically variable 
material and said base web and form said authenticated web whereby said 
fibrous material covering said optically variable material is sufficiently thin to 
permit light to pass therethrough and contact said optically variable material. 

Preferably, the optically variable material applied to the base web is in 
powder form. In one embodiment, it is preferred that the applicator includes 
a pressurized sprayer located above the base web and a mask positioned 
between the sprsQrer and the base web. The sprayer discharges the powder 
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towards the mask and an aperture in the mask allows the powder to contact the 
base web. Hie sprayer can be operated continuously and the mask can be fixed 
relative to the base web to aj^ly a continuous strip of ppticaUy variable 
material to the base web. Alternatively, tiie mask can include a plurality of 
spaced, geometrically shaped apertures and can be moved over the base web 
at the same speed thereas. In this case, the sprayer is operated continuously 
whereby the optically variable material is applied to the base web at discrete 
locations only when the apertures pass beneath the sprayer. 

In another embodiment, it is preferred that the powder is immersed in 
a liquid carrier and the applicator applies the optically variable material to the 
base web via an off-set printing or silk screening technique. In yet another 
embodiment, the optically variable material is in the form of discrete articles 
and the applicator contacts die base web to impress the optically variable 
articles in the base web. In this instance, it is preferred that the applicator 
includes a stamping unit having a vertically movable head carrying the optically 
variable article. The head contacts the base web and impresses the optically 
variable article dierein. Alternatively, the optically variable material may be 
in the form of a continuous strip and the applicator mBy include a roller 
carrying the strip and guide means. The roller implies the strip of optically 
variable material to the base web and the guide means impresses the strip 
therein. 

In yet another embodiment, the optically variable material is carried on 
a carrier film movable over the base web and the applicator includes means to 
generate a beam of radiation. The beam of radiation is directed on the carrier 
to fragment the optically variable material and separate the optically variable 
material from the carrier to deposit the fragments of optically variable material 
on the base web. 
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In one instance, it is piefoied that the carder is moved continuously 
mer the base web at the same speed thereas ami the means to generate a beam 
of radiation is operated continuously to apply a strip of optically variable 
material to tbe base web. In anodier instance, it is pruned that the means to 
generate the beam of radiation is pulsed to apply discrete marks of optically ^ 
variable material to the base web. 

The fibrous material dispensix^ means may be in die form of a head box 
dq)ositing the fibrous material on a Fourdrinier table which carries the base 
web to the applicator. Alternatively, a cylinder mould machine may be used 
to deposit the fibrous material on a Formex® which carries the base web to the 
applicator. The means downstream of the applicator mjsyb& an additional head 
box or may be a laminator recdving a fine web of fibrous material and 
overlying tiie base web and the optically vmiable material with tiie fine web to 
form file autiienticated web. 

According to another aspect of the present invention there is provided 
in a fibrous web making process wherein fibrous material is deposited on a 
moving belt to consolidate fibres herein and form a base web fiirther including 
the steps of applying optically varuible material which changes colour with 
varying angles of inddent light to a surfoce of said base web and covering said 
sur&ce and said optically variable material with additional fibrous material to 
form a fibrous web, said additional fibrous material being suffidentiy thin to 
permit light to pass tiierethrou^ and contact said optically variable material. 

Preferably, the optically varisd>le material is in the form of a powder and 
is appUed to the base web eitiier by spraying, off*set printing, silk screening, 
impressing or laser transfer techniques. 9 
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The present invention provides a novel apparatus and method of 
authenticating a fibrous web using optically variable material that changes 
colour with varying angles of incident light. The s^iparatus embeds the 
optically variable material in die fibrous web using the simple technique of 
applying tfie optically variable material to a base web and overlying the 
optically variable material and die base web witii additional fibrous material 
that is thin enough to permit light to pass, allowing the utilization of the optical 
properties of the optically variable material. The optically variable material can 
be applied to the base web at discrete locations to form individual marks or can 
be applied continuously to form strips. This facilitates the authentication 
process since the optically variable material is applied in situ during the fibrous 
web making process. 

BRffiF DESCRIPTION OF THE DRAWING 

Embodiments of the present invention will now be described more fiiUy 
with reference to the accompanying drawings in which: 

Figure la is a top plan view of a paper document with optically variable 
material therein; 

Figure lb is a section of the document illustrated in Figure la taken 
along line a-a; 

Figure 2 is a side view of a paper making machine including a device 
for applying optically variable material during formation of a paper web; 

Figure 3 is a perspective view of one embodiment of the device for 
qiplying optically variable material to the paper web used in the paper making 
machine illustrated in Hgure 2; 

Figure 4 is a perspective view of another embodiment of the device for 
applying optically variable material to the paper web used in the paper making 
machine illustrated in Figure 2; 
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Figine S is a side view of yet anotfier embodiment of tlie device for 
applying optically variable material to the pq>er web used in the paper making 
madiine iUustraled in Figure 2; 

Figure 6 a top view of die device illustrated in Figure 5; 

Figure 7 is a side view of still yet another embodiment of tiie device for ^ 
inlying optically variable material to die paper web used in the paper making 
machine illustrated in Figure 2; 

Figure 8 is a top view of the device illustrated in Figure 7; 

Figure 9 is a ^de view of still yet another embodiment of the device for 
applying optically variable material to the paper web used in the paper making 
machine illustrated in Figure 2; 

Figure 10 is a top view of the device illustrated in Figure 9; 

Figure 11 is a side view of another embodiment of a portion of a paper 
making madiine including a device for applying (Really variable material; 

Figure 12 is a side view of another embodiment of a machine for making 
a base web on which optically variable material is to be applied; 

Figure 13 is a side view of another (embodiment of a machine for making 
a base web on which optically variable material is to be applied; 

Figure 14 is a section of an embodiment of a portion of an authenticated 
web made using one of the machines illustrated in Hgures 12 and 13; and 

Figure 15 is a section of another embodiment of a portion of an 
authenticated web made using die device illustrated in Figures 7 and 8. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring now to Figure 1» an audienticated document is shown and is 
generally indicated by reference numeral 10. In this ^cample, the document 
10 is in the form of paper currency cut from a continuous paper wd>, although « 
it should be realized by those of skill in the art that any other type of valuable 
article formed of fibrous material can constitute the authenticated document 
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Tliese other types of articles may include for example, passports, visas, travel 
documents, identity cards and the like. Embedded within the paper document 
10 is optically variable material 12. The optically variable material 12 exhibits 
a colour change with changing angles of incident light as will be described. 
This enables an individual to determine at a glance, an authentic document 10 
from a counterfeit one by tilting the document 10 and viewing the colour 
change of the material 12. 

The reflected colour from a white light source that one perceives 
depends on the colour of the document 10 on which the material 12 is deposited 
and the optical properties of the material 12 itself. For the material 12 to 
exhibit a colour change as tight is transmitted or reflected from the material and 
which changes colour with varying angles of incident light, the material must 
be designed to have a diaracteristic spectral reflectance and a different 
characteristic spectral transmittance. The colouring on the sur&ce of the 
document 10 beneath the material 12 absorbs some of the light transmitted 
through the material and this efiects the colour properties of the material 12. 

The aforementioned prior art patents to Baird et al and Beming et al 
describe different optically variable artides formed of multi-layer optical dun 
films which ^dubit a colour change (typically from red or gold to green) with 
varying angles of incident light. In the present invention, optically variable 
material similar to these articles can be used during the formation of the fibrous 
web. Various embodiments of an i^paratus for forming an authenticated 
fibrous web from which the authenticated document 10 having optically variable 
material embedded therein may be made, will now be described. 

Referring to Figure 2, an apparatus 20 for forming a fibrous web having 
optically variable material embedded therein is shown. As can be seen, the 
apparatus 20 includes a head box 24 receiving a pulp mixture 26 via a feed line 
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28. Theheadbox24hasanan£Mouflet30witfaasUce32locontrolth^ 
of pu^ mixture 26 out of the head box 24. Tb& pulp mixture 26 leaving the 
oufiet 30 is delivered on a BouidiiniCT table 33 in the fomi of a base web 22. 
In Ae context of the present invention^ base web refers to base paper fibres 
when rough and saturated with water (at least to some ^ctent) supplied firom the 
head box 24. The Fouidnnier table 33 supports and transports the base web, 
aUov^ th& papers fibres in the base web to align and allows water to be 
removed fix>m the base web by vacuum. To achieve this, &e Fburdrinier table 
33 indudes a moving, endless, mesh, wire belt 34 wound around a drive roller 
36 and a pair of idler rollers 38 and 40 respectively. The drive roller 36 is 
rotated by a motor (not shown) to move the wire belt 34 so that the base web 
22 moves downstream of the head box 24 in the direction of arrow 44. 
Adjacent the drive roller 36 are vacuum elements 42 whidi remove water from 
the base web 22. During this process, die head box 24 continuously delivers 
pulp mixture 26 onto the wire belt 34 so that a continuous base web is formed. 

Downstream of the Fourdrinier table 33 is a web drive 50 including a 
drive belt 52 supportiqg the undersur&ce of the base web 22. The belt 52 is 
wound around a pair €£ rollers 54 and 56 respectively. LoG^ted above the base 
web 22 adjacent die web drive 50 is an optically variable material applicator 
60. The applicator 60 is vertically spaced from the base web 22 and ^lies 
optically variable material 60 to the base web wliile the fibres therein are 
pliable, ^^ous embodiments of applicators 60 for performing this operation 
will be discussed herein. 

Downstream Qftheroller56 is anotiier head box 70. Similar to the head 
box 24, the head box 70 has an angled outiet 72 with a slice 74 to control the 
flow of pulp mixture out of the head box 70. The thickness of pulp mixture 
leaving the outiet 72 is controlled so that the optically variable material 62 on 
the base web 22 is covered with a fibrous layer 73 to form an autiienticated 
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fibrous web 75 while ensuring diat light can pass tiirough it in order to take 
advantage of the colour diangeability of Hhc material 62. 

Beneath the head box 70 is located another Fourdrinier table 76 which 
supports and transports the fibrous web 75. Similarly, the table 76 includes 
wire mesh belt 80 wound around a drive roller 82 and a pair of idler rollers 84 
and 86 respectively. A motor (not shown) rotates the drive roller 82 to move 
the belt 80 and therefore, tiie fibrous web. Vacuum elements 87 are adjacent 
the drive roller 82 to remove more water ih>m the fibrous web 75. 
Downstream of flie drive roller 82 is another web drive 88 including a drive 
belt 90 supporting the undersur^ice of the fibrous web. The belt 90 is wound 
around a pair of rollers 92 and 94. The web drive 88 moves the fibrous web 
75 to appropriate finishing areas wherein the thickness of the fibrous k^r 73 
covering the optically variable material 62 can be altered, if necessary, to 
ensure that die fibrous web 75 exhibits the proper optical characteristics with 
varying anglles of incident light. 

Figure 3 better illustrates one embodiment of the optically variable 
material q)plicator 60 which makes use of spraying to apply the optically 
variable material to the base web 22. The iq>plicator 60 includes a gas 
pressurized qnayer 100 storing flakes of optically variable material 62 formed 
from layers of optical thin film material. Each flake is of a size and aspect 
ratio to maintain its optical properties with changing angles of incident light. 
Below the sprayer 100 is a fixed mask 102 with an aperture 104 provided 
through it. As flie base web 22 passes beneath the ai^licator 60, the sprayer 
100 discharges the optically variable material towards the mask 102. The 
q)tically variable material 62 passes through flie mask 102 via the aperture 104 
onto the base web 22. Since the sprayer 100 is operated continuously in this 
process, the base web 22 has a continuous optically variable strip 106 applied 
to it. 
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Kgine 4 shows anodier embodiment of the applicator 60' similar to diat 
illustiated in Figure 3. In fliis embodiment, like rt^renoe numerals will be 
used to indicate like components with a added for clarity. As can be seen, 
the applicator 60' includes a liquid pressurized spr^r 100' storing flakes of 
optically variable material 62. A mask 102' is located below the sprayer 100^ 
and is in the form of abelt wound about a pair i^IatecaUy spaced guides 108. 
Al&ougli not shown, the mask 102' is moved by a suitable drive so that it 
moves over tiie base web at the same speed as die base web 22. The niask 
101^ has a plurality of spaced, different geometrically shaped apertures 104' 
provided through it In operation, as Ae base web 22 is moved by the belt 52, 
tiie mask 102' is moved over the base web 22 at the same speed. The sprier 
100' is operated continuously and dierefoie disdiaiges optically variable 
material towards the mask. When an q^erture 104' passes beneafli tibe spra^r 
100', file optically variable material is i^lied to tfa& base web 22 as discrete 
marks 106' in the shape of the aperture. 

The operation of the sprayer 100' may also be timed with the movement 
of tiie mask 102' to sprs^ the optically variable material towards the mask only 
when an aperture 104' in the mask is positioned beneath die spn^er. This has 
the advantage in that less optically variable material is required but requires 
more sophisticated control equipment to time the operation of the sprayer witii 
the position of the apertures in the mask 102'. When using a spraying 
technique to apply the optically variable material to the base web 22, the 
orientation of powder needs to be controlled so that flakes of optically variable 
material generally lie flat on the base web 22 and maintain their optical 
properties. 

Figures 5 and 6 illustrate yet another embodiment of the applicator 60 
which makes use of an off-set printing technique to apply the optically variable 
material to the base web 22. In this embodiment, tiie optically variable 
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material 62 is held in a fountain 120 vertically spaced above the base web 22. 
The optically variable material is immosed in eitiier water or a solvent 123 
suitable for application purposes. A gravure cylinder 124 having patterns 126 
on its outer surface has a portion of its outer sur&oe submersed in the fountain 
120. Thus, as the cylinder 124 rotates the entire surfiu:e of flie cylinder 
becomes coated in the solution. A doctor blade 128 is positioned adjacent tiie 
gravure cylinder 124 to control the thickness of the coating carried by tiie 
cylinder 124. 

The gravure cylinder 124 contacts a contra-rotating transfer roller 130 
and deposits the coating thereon only when the etched patterns 126 on the 
gravure (ylinder 124 contact the transfer roller 130. The tiiansfer roller 130 in 
turn contacts a printing roller 132 and transfers tiie coating on its outer surface 
to the printing roller. The printing roller 132 in turn contacts tiie base web 22 
to apply die optically variable material on its outer surfece to tiie base web. 
The pattern of tiie optically variable material applied to tfie base web 22 is in 
tiie same pattern as tiie patterns 126 on ihe gravure cylinder 124. On tiie 
undersur&ce of tiie paper web 22 directiy below flie printing roller 132 is an 
impression roller 134 which ensures good contact between tiie base web 22 and 
tiie printing roller 132 so that tiie optically variable material 62 is transfened 
to the piqier web 22. If the pattern on tiie gravure qrlinder 124 «ctends along 
the entire circumference of the cylinder, a continuous optically variable strip 
136 is applied to tiie base web 22. Alternatively discrete etchings can be 
provided on the gravure cylinder 124 to iqiply individual optically variable 
marks 138 to the base web 22. Altiiou^ not shown, rather than using the off- 
set printing technique described above, a silk screening tedinique can be used 
to apply tiie optically variable material to tiie base web 22. 

Figures 7 and 8 show yet another applicator 60 which makes use of 
embedding techniques to apply the optically variable material 62 to the sur&ce 
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of tiie base wel) 21. This unit includes two devices 150 and 152 respectively 
for embedding die mateiial inta die base web 22 in different patterns. One of 
the devices 150 is in the form of a stamping unit 154 having a vertically 
movable plunger 156 with an application head 158 at its lower end. In dus 
embodiment, the optically variable material is in the form of individual 
optically variable articles. A cartridge dispenser (not shown) is assodated mdi 
the stamping unit 154 and stores the optically variable articles to be embedded 
in the base web 22. The plunger 156 is movable over the dispenser so tiiat an 
optically variable article mi^ be removed fix>m die dispenser. To achieve this, 
a vacuum is created at the application head 158 so that the optically variable 
article can be picked up the plunger. The plunger 156 is then moved to 
contact the base web 22 and die vacuum is shut off so that when the application 
head 158 contacts the base web 22, the optically variable article carried on the 
application head 158 is embedded in the base web 22. This allows discrete 
optically variable marks 168 to be embedded in the base web 22. 

The other device 152 includes a roller 160 carrying a ribbon 162 of 
optically variable material on a plastic canier, paper carrier or the like. The 
roller 160 is rotated by a motor (not shown) to unwind the ribbon 162. Guide 
rollers 164 and 166 position and press the ribbon into die base web 22 as it 
passes beneath the device 152. This allows a continuous strip 170 of optically 
variable material to be embedded into the base web 22. 

Figures 9 and 10 illustretfe stOl yet another embodiment of the applicator 
60 whidi makes use of a laser transSsr process to aipply the optically variable 
material to the base web 22. Tn this embodiment, the optically variable 
material 62 is carried on a polyester carrier film 200 wound between a pair of 
rollers 202 and 204 respectively. A motor (not shown) rotates roller 204 to 
unwind the film 200 from roller 202 and wind it about roller 204. A laser 206 
is positioned between the rollers and directs a coherent horizontal beam of 
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ladiation 207 towards a bending prism 208. The bending prism 208 changes 
die diiecdon of die beam of radiation 207 by 90 degrees towards die film 200. 
Before the beam of radiation 206 impin^s on the film, it passes through a 
fixed mask 214 having an aperture 212 and is then focused by a lens 210 so 
that the shape of the light impinging on the film 200 is controlled. The power 
and the wavelength of the laser 206 is controlled so diat the optically variable 
material fii^gments and Ms from die carrier film 200 onto the base web 22. 

If a continuous strip 220 of optically variable material 62 is to be applied 
to the base web 22, the laser 206 should be operated continuously and the film 
200 should moved over the base web 22 at the same speed as the base web. 
If it is desired to apply die optically variable material 62 to the base web 22 in 
the form of discrete, geometrically shaped marks 222, the laser 206 can be 
pulsed. Alternately, the optically variable material 62 can be moved in stages 
over the base web 22 or a movable mask 24 similar to that shown in Figure 4 
can be used. 

Referring now to Figure 11, anodier embodiment of a portion 300 of an 
q>params for covering the base web 22 having optically variable material 62 
thereon widi additional fibrous material is shown. Hie portion 300 is located 
downsti:eam df die head box 24 and Fburdrinier table 33. As can be seen, 
downstream of the web drive 50 and tiie applicator 60 is another roller 304 
around which the base web 22 having the optically variable material 62 thereon 
is wound. A second fine fibrous web 306 passes around a guide roller 308 and 
winds around the roller 304 to overlie the surface of the base web 22 on which 
the optically variable material is located. An impression roller 310 adjacent the 
roller 304 ensures that die base web 22 and fine fibrous web 306 adhere to 
form a laminated fibrous web 75. The laminated fibrous web 75 passes around 
another guide roller 312 and proceeds to a finishing section wherein the 
diickness of the fine fibrous web 306 ova-lying die optically variable material 



wo 93/22496 PCT/C:A93/00188 

-16. 

is altered, if necessary^ to ensure tiiat it is suffideniiy Ain to pennit light to 
pass thereftrough and contact the optically variable material 62. 

Figure 12 shows another apparatus 320 for forming a base web 22 on 
which optically variable material may be deposited. In this embodiment, rather 
than using a head box 24 to apply the pu^ mixture 26 on the Fburdrinier table 
33 , a cylinder mould madune 322 is used. As can be seen, the cylinder mould 
machine 322 includes a vat 324 receiving the pulp mixture 26 fromafeedline 
(not shown). Hie vat 324 is in the form of an open cylindrical trough in which 
a cylinder mould 326 is located. The cylinder mould 326 is in the form of a 
cylindrical, mesh roller and is partially submersed in the pulp mixture 26. The 
vat and cylinder mould are positioned below an endless belt 328 such as that 
manufactured and sold underthe name R>rmex?. The cylinder moidd 326 
contacts the belt 328 adjacent a couch roller 330. The belt 328 is wound 
around the couch roller 330, a drive roUer 332 as well as a pair of idler rollers 
334 and 336 respectively. Vacuum elements 338 are located below the belt 328 
just upstream of the drive roller 332. 

In operation, as the qrlinder mould 326^ rotates a film of pulp coats die 
wire mesh roller. Water is removed from the inside of die cylinder mould 326 
while a Is^er of fibres coats the outside of the mould. ' The couch roller 330 
which ensures good contact between the belt 328 as it winds around the rollers 
and the cylinder mould 326 causes the fibres to be peeled ofi" the cylinder 
mould 326 onto the belt 328 to form a base web 22. The belt in turn, carries 
the base web 22 towards the drive roller 328 wherein it is conveyed to one of 
the applicators 60 previously described. This allows the base web 22 to be 
audienticated with optically variable material 62. 

Hgure 13 shows another embodiment of an apparatus 348 for forming 
a base web 22 that is virtually identical to that shown in.Figure 2 with the 
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»ception that it makes use of a Dandy roller 350 to form watermarks in the 
base iveb 22 before optically variable material 62 is applied to the base web 22 . 
As is known to those of skill in the art, the Dandy roller 3S0 has an emboss on 
it which displaces fibres in the base web 22 and produces areas of varying fibre 
densities to form watermarks on the base web 22 as the Dandy roller 350 
rotates. A watermark is only observed in transmission where the amount of 
light transmitted through the fibrous web varies according to the local density 
of the web fibres. In other words, areas with a high density of fibres transmit 
little light and appear dark whereas areas widi a low density of fibres transmit 
relatively more light and appear translucent. 

Figure 14 shows a portion of a fibrous web 75 on which watermarks 351 
and in which optically variable material 62 in the form of discrete marks have 
been formed. The varyiqg density of portions of the fibres in the fibrous web 
due to the watermarks 351 and the depth of the optically variable material 62 
in the fibrous web, cause difierent portions of the fibrous web 75 to have 
difierent light reflective and light transmissive properties R, to and T, to T4 
respectively. This produces interesting colour efiects as the angle of incident 
light changes. 

If it is desired to form watermarks using the apparatus illustrated in 
Figure 12, the desired watermark features must be embossed on the mesh of 
the cylinder mould 326. The recessed areas of the embossed pattern on the 
cylinder mould 326 attract more fibres than other areas of the cylinder mould 
326 and this creates difierent fibre density areas in the base web 22 deposited 
on the belt 328. This results in the formation of watermarks 351 in the fibrous 
web. 

Rather than applying the optically variable material 62 to the base web 
22 in areas where the watermarks 351 have previously been formed, if a 
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printing tedudque is used sudi as that shown in Kgines 5 and 6, tfie qpticaUy 
variable material may be ^lied to the base wd> 22 by fhe Dandy roller 350 
at die same time , as tbe watermark is being formed. The optically variable 
material can be ^plied to the Dandy roller 350 by wsy of a transfer roll^. 

Alternatively, die optical variable material 62 may be ^lied to the base 
iveb 22 iratfa a neutral fiU^ that caus^ local variations in die dsasaty of die 
fibres in die.base web. In tins cas^ &e optically variable maioriid will be in 
powder form and will be combined widi the filler in a liquid solution so that 
it m^ be applied to the base web 22 via a spn^dng or printing technique. 
When the filler and optically variable material is applied to the base web 22, 
die filler creates areas of low fibre density thereby forming the optically 
variable watermaiks. In diis instancy the use of fhe Dai^y roller or emboss 
on the cylinder mould 326 are not required. 

Referring to Figure 15, another embodiment of a portion of an 
audienticated fibrous web 75 is shown. Inihis embodiment, multiple optically 
variable material 62 in the form of discrete artides 168 are embedded in the 
base web 22 and portioned so diat the articles are at different d^dis within die 
fibrous web 75 widi at least a portion of one of die articles overlying the other. 
By ensuring that the optical characteristics of each of the articles 168 are 
different, interesting colour effects can be achieved. To achieve diis, two 
s^licators 60 separated by a head box are required. The first applicator 
applies die deepest optically variable artide to the base web 22 and the head 
box overlies it with a thin li^ ai fibrous or clear material. The second 
applicator dien allies die odier optically variable artide to the base web. The 
operation of the two t^plicators must be timed to ensure that the optically 
variable articles overlie one anodier as desired. Once the optically variable 
articles are in place on the base web, the base web is conv^ed to the head box 
70 or to the roller 304 so that die audienticated web 75 may be formed. 
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Alternatively, one of the optically variable articles can be embedded in 
the fibrous web and tfie other article can be applied to the sur&ce of the fibrous 
web with at least a portion of one €i the optically variable articles overlying the 
other. 
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What is claimed is: 

1. An apparatus for maldng an autfienticated web formed of fibrous 
material comprising: 

fibrous material dispensing means depositing fibrous material on a 
moving belt to form a base web; 

an applicator downstream of said dispensing means applying optically 
variable material to a sur&ce of said base wd), said optically variable material 
dianging colours with varying an^es of incident li^t; and 

means downstream of said applicator for overlying tiie sur&ce of said 
base web with additional fibrous material to cover said optically variable 
material and said base web and form said authenticated web whereby said 
fibrous material covering said optically variable material is sufficiently thin to 
permit ligftt to pass therethrough and contact said optically variable mat^al. 

2. An apparatus as defined in claim 1 wherein said optically variable 
material applied to said base web is in powder form. 

3. An ai^aratus as defined in daim 2 wherein said applicator includes a 
pressurized spr^r located above said base web and a mask positioned between 
said spr^r and said base web, said spn^r dischaiging said powder towards 
said mask, an aperture in said mask allowing said powder to contact said base 
web. ^ 

4. An apparatus as defined in claim 3 wherein said spraycT is operated 
continuously and said mask is fixed relative to said base web to apply a 
continuous strip optically variable material to said base web. 

5. An i^aratus as defined in claim 3 wherein said mask includes a 
plurality of spaced, geometrically shaped apertures and is movable over said 
base web at die same speed thereas, said sprayer operating continuously 
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whereby optically variable material is ^plied to said base wd) at discrete 
locations when said apertures pass beneath said sprayer. 

6. An q>paratus as defined in claim 3 wherein said mask includes a 
plurality of spaced, geometrically shaped apertures and is movable over said 
base web at the same speed thereas, said sprayer being timed widi said mask 
and dischaiging said optically variable material when an aperture in said mask 
is located beneath said sprayer. 

7. An apparatus as defined in claim 2 wherein said powder is immersed in 
a liquid carrier and said applicator applies said optically variable material to 
said base web via an ofi^-set printing or silk screening technique. 

8. An apparatus as defined in claim 7 wherein said ai^licator includes a 
gravure roller contacting said powder and liquid carrier, a transfer roller 
contacting said gravure roller and a printing roller contacting said transfer roller 
and said base web, said printing roller applying optically variable material to 
said base web transferred between each of said rollers. 

9. An apparatus as defined in claim 1 wherein said optically variable 
material is in the form of discrete, optically variable articles and said applicator 
contacts said base web to impress said optically variable articles in said base 
web. 

10. An apparatus as defined in claim 9 wherein said applicator includes a 
stamping unit having a vertically movable head carrying said optically variable 
articles, said head contacting said base web and impressing said optically 
variable articles therein. 
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11. An apparatus as defined in daim 1 wheiein said optically vanable 
material is in tiie form of a continuous stnp, said s^ficator indudes a roller 
carrying said str^ and guide means, said roller ^iplying said strip to said base 
web and said guide means impressing said strip tfaimin. 

12. An s^paratus as defined in claim 1 wherein said optically variable 
material is carried on a carrier film movable over said base web, said 
q[^licator including means to generate a beam of radiation, said radiation being 
directed to said carrier to fragment said optically variable material and separate 
said mat^ial from said carrier to apply said fragments to said base web. 

13. An apparatus as defined in claim 12 wherein said carrier is moved 
continuously over said base web at die same speed thereas and said means to 
generate a beam of radiation is operated continuously to apply a strip of 
optically variable material to said base web. 

14. An apparatus as defined in claim 12 wherein said means to generate said 
beam of radiation is pulsed to i^ply discrete marks of optically variable 
material to said base web. 

15. An apparatus as defined in daim 9 wheiein said applicator impresses at 
least one optically variable article into said base web and applies another 
optically variable article to said fibrous web so that so that at least a portion of 
said optically variable articles overlie one anotiier. 

16. An apparatus as defined in claim 15 wherein botii of said optically 
variable articles are embedded in said base web at dififerent depths. 
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17. An apparatus as defined in claim 1 further including means to form a 
watermark on said base web in the area on which said optically variable 
material is ^lied. 

18* An apparatus as defined in claim 17 wherein said optically variable 
material is applied to said base web after said watermark has been formed. 

19. An apparatus as defined in claim 17 wherein said watermark and said 
optically variable material are formed on said base web simultaneously 

20. In a fibrous web making process wherein fibrous material is deposited 
on a moving belt to consolidate fibres therein and form a base web further 
including the steps of applying optically variable material which changes colour 
with varying angles of incident light on a surfece of said base web and covering 
said surface and said optically variable material with additional fibrous material 
to form a fibrous web, said additional fibrous material being sufliciently thin 
to permit light to pass therethrough and contact said optically variable material. 

21 . The process of claim 20 wherein said optically variable material is in the 
form of a powder. 

22. The process of claim 21 wherein said optically variable material is 
sprayed on said base web with a suitable carrier. 

23. The process of daim 21 wherein said optically variable material is 
applied to said base web using an ofi-set printing or silk screening technique. 

24. The process of claim 21 wherein said optically variable material is 
applied to said base web using a laser transfer technique. 
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